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ANSWER FOUR (4) OUT OF EIGHT (8) QUESTIONS 
ALL QUESTIONS ARE OF EQUAL VALUE 


QUESTION 1 


Write an essay on the BLAST search tool. In your answer you should: outline clearly what 
the program does, explain the importance of BLASTP for the study of proteins, provide 
examples of different contexts in which the tool is used, explain how the program works and 
why it is so efficient. 

[20 marks] 
QUESTION 2 
Write an essay on protein evolution using three specific examples to illustrate your answer. 
Include a discussion of the tools used to study protein evolution and discuss critically the 
evidence for specific mechanisms of protein evolution. 

[20 marks] 
QUESTION 3 
Outline the function of transcriptional regulators. Choose a specific example of a 
transcriptional regulator and outline its position in a signal transduction pathway. Describe in 
detail the structural motifs of your chosen protein, explaining their specific roles in 
signalling. 

[20 marks] 
QUESTION 4 
Much research on proteins is now done by cloning and expressing eukaryote genes in E. coli. 
On the other hand we have spent much time in this unit learning about the isolation of 
proteins from their native source. Use the knowledge gained in this unit to write a 
comprehensive argument explaining the advantages and disadvantages of studying proteins 
obtained from these two sources. Discuss in detail information that may not be obtained when 


studying proteins that have been expressed by a heterologous system. 


[20 marks] 
QUESTION 5 
Outline the major types of molecular chaperones, describing their distinctive structural 
features and role in the cell. Provide a more detailed description of HSP90 proteins, including 
a description of major structural motifs and their proposed roles. 


[20 marks] 
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QUESTION 6 


a) Compare and contrast the secondary and tertiary structure of proteins. Discuss the 


principal driving forces determining the overall 3D folding of a polypeptide. 


[8 marks] 
b) Use the information presented in a) to explain the formation of amyloid fibrils. 

[4 marks] 
c) Computer programs are available that predict the secondary and tertiary structure of 


proteins whose 3D structure has not been solved. Describe the different approaches to 
3D protein structure prediction and their rationale. 
[8 marks] 
QUESTION 7 
a) Describe three catalytic strategies used by enzymes to accelerate the rate of approach to 
equilibrium in a chemical reaction. [6 marks] 
b) Write an equation for the reaction catalysed by invertase and use this to explain which of 
the six major groups of enzymes (oxidoreductases, transferases, hydrolases, lyases, 
isomerases and ligases) this enzyme belongs to. [3 marks] 
c) Examine the diagram below, showing the proposed mechanism of action of Arabidopsis 
cell wall invertase. Use the diagram to identify and describe two catalytic strategies 


employed by this enzyme. Compare this with the reaction mechanism for lysozyme. 


[8 marks] 

d) Briefly explain why the activity of this enzyme shows pH dependence with an optimum 
of approximately pH 5. [3 marks] 
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From: Lammens et al. (2008) Journal of Molecular Biology 377, 378-385 


Amino acid abbreviations: E = glutamate, D = Aspartate 
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QUESTION 8 
Pyruvate decarboxylase catalyses the first step in ethanol fermentation of pyruvate. 
0 om co NADH + H* 
4 a . 
Cc TPP, NAD* OH 
2+ Oo H 
| Mg \7 | 
c=O0 =——— C CH 
| pyruvate alcohol | 
CH3 decarboxylase CH3 dehydrogenase CH3 
Pyruvate Acetaldehyde Ethanol 


The following is a list of some of the properties of pyruvate decarboxylase from baker’s 


yeast. This is a cytosolic enzyme. 


Quaternary structure homotetramer 

Mass of one chain 60 kDa 

Isoelectric point pH 6.1 

Cofactors Thiamine pyrophosphate, Mg**, FAD 

Ammonium sulfate Soluble 30% saturation, 

solubility insoluble 45% saturation 

a) Use this information to design and present an extraction and 3-step partial purification 


b) 


9) 


procedure for this enzyme starting with a yeast culture. For each step you need to explain 
its rationale in relation to the protein properties given above. You have access to a 
centrifuge, ammonium sulfate, buffers of varying pH, ultrafiltration membranes in the 
following sizes: 10 K, 30K, 100K, and cation and anion exchange spin columns. 

{12 marks] 
What method could you use to carry out further purification of this enzyme? Explain 
your reasoning. [3 marks] 
Explain how you would assay the activity of your enzyme giving clearly explained 
reasons. What ingredients would you need to include in your assay cuvette, what would 


you measure and what information would this provide? [5 marks] 
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